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LZ: overview

= LUX-ZEPLIN (LZ): ~250 collaborators
* Located 1.5 km underground @SURF (US)

= WIMP search experiment
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= Two phase Xe (liquid and gas)
time projection chamber (TPC)
> Total mass: 10 t
> Active mass: 7 t
= Low energy threshold: ~5 keV wthve TP §
= Two veto systems: cathods :
> Xenon skin reaiid T
> Liquid scintillator (Gd) P
outer detector L
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= Underground installation in 2019
= Physics data taking from 2020

arXiv:1703.09144
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LZ: detection principle

= Particle interactions in the active
region create:
> Prompt scintillation (S1)
> Electrons from ionisation
o drifted upward to GXe
o delayed proportional
scintillation (S2)

GXe

LXe

= Both energy and position can be
reconstructed from S1 and S2

= Two distinctive types of particle
interactions:
E 4585 pha > Electron recoil (ER):
i . Mg B’s,v’s, v-e scattering
- " : > Nuclear recoil (NR):
WIMPs, n’s, v-N (CEVNS)
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LZ: analysis strategy

ER band

= ER and NR events are discriminated
from their different S2/S1 proportion

= i P i = ER and NR bands will be obtained
% ey S through calibration
TBaslit | \ = Man d

ral , y ¥ and n events occur close to the
& gion £ TPC wall

1 regtpn isocontour lines ]

30 ‘-'féf'“ +hep ) 1 » Veto them: Xe skin and OD
W/ . . o > Define a fiducial region: 5.6 t for
' ' e the WIMP search
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Simulated dataset inside the fiducial volume for the
full LZ exposure (1000 days X 5600 kg)

ER: electron recoil
NR: neutron recoil
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WIMP signal model

= Standard WIMP event rate

1

Evemi paiz | piday et
-

™

~Vesc
dR _ Po owimp-a F2(E.) j fo(v) By L s
dE, 2 myivp U5 ' e (B v by

> Astrophysics: local DM density (p,), WIMP galaxy
escape velocity (Vesc), WIMP velocity distribution (fg)
> Nuclear physics: nuclear form factor (F) -
> Particle physics: WIMP mass (myvp), WIMP-nucleus E i
scattering cross section (owimp—a) i

= NEST software package (2013 JINST 8 C10003)
> Estimates charge and light production in LXe
> Accounts for anti-correlations between
ionisation and scintillation
> Incorporates calibration results from LUX that
go down to ~1 keV (Phys. Rev. Lett. 116, 161301)

0 10 X0 Mb 4 S0 6 M oM am
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Backgrounds to the WIMP search

Nuclear recoils Electron recoils

Background mitigation strategy
> Underground installation of the detector
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> Extensive radio-assay campaign for detector materials I i
> Strict surface cleanliness programme Ii- ey :
> Thorough Xe purification to remove 8Kr and 3%Ar l i e :

before starting operation I il %

> Active vetoes: Xe skin and outer detector | i —= A
= — ey |
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Backgrounds to the WIMP search

NR background events in the WIMP region of interest (6 — 30 keVnr) are
highly suppressed by the veto system:

Before veto After veto
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Integrated counts for Integrated counts for
5.6 tonne FVx1000 days: 10.4 5.6 tonne FVx1000 days: 1.0
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L.Z likelihood function

L(O' ,V|fD) =/ Extended term / Event probability model
No 1 Nb
Pois(nol)| || |- (HS(U)fs(xe|mw1MP) + ) vy (xe|v>> ]
_+ M =
e=1 b=1
Np
Constraint functions Backgroun
A1 | fo@plvp) =
H e in (ER)
b= pp+"Bes VN v (ER)
“*'Rn (ER)
> Observables: Xe 2088 (ER)
x = (51,52) (for now) Det. + E,:“" (ER)
> Parameter of interest: i Kr -:I'Eil:m
OWIMP-N IS
: : Dot. + Env, (NR)
> N : |
ulsancebpzzx":meters s eric v (NR)
v ={Up} =, (fornow) hep 1 (NR)
DSN » (NR)
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Methodology

= A one-sided profile likelihood ratio
test statistic is used to calculate the
projected exclusion upper limit:

i {-zin(ﬂg;—ﬁ}) i<a

] & >

0<gs S0

= Many Monte Carlo trials are simulated
to construct distributions under

H, (S+B) and H, (B-only) hypotheses
> For a sensitivity study:

q9® = median(f(q,|H,))
(vertical black line in top plot)

90%CL i)
Hs
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LZ sensitivity to Sl interactions
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WIMP mass [GeV/c*]

* Minimum point:

> 1.6x10748 cm? @40 GeV/c? arXiv:1703.09144

Ibles Olcina 4 Preparing for DM particle discovery 4 Chalmers University



LZ sensitivity to Sl interactions
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LZ sensitivity to SD interactions

WIMP-proton WIMP-neutron
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* Minimum point * Minimum point
> 8.1x107*2 cm? @40 GeV/c? > 2.7%x107*3 cm? @40 GeV/c?

= (Qdd-neutron isotopes in natural xenon: 12°Xe (26.4%) and 13'Xe (21.2%)
= Structure factors taken from Phys. Rev. D 88, 083516
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Projected LZ discovery significance
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Reconstruction of WIMP signals

Nops = 21 (Poisson) *

5.0

L T e
i e ==~ Observation
= 4.0 g
5 = u, = 18.5
F'EI: 1.5 NR band
.E Events passing 1

A0 all cuts b
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Parameter inference

= Bayesian parameter inference,
using flat and log-flat priors for mass
and x-section

= Any event above the NR median line
is not considered

5 3
F =

3

51 WIMP-nocleon cross section |cm
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Reconstruction of WIMP signals
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¥ Nops = 33 (Poisson)

L7 PRELIMINARY: > Input WIMP mass = 100 GeV
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= For heavy WIMP masses, :
reconstruction becomes worse due E
to the degeneracy between mass and g 107 |
x-section in the WIMP rate 23
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Summary

* The LZ experiment is fully optimised for the WIMP search
> 7 tonnes of Xe active mass
> Robust background control, after lessons learned from LUX and ZEPLIN
> Veto system to suppress extra NR backgrounds

= Likely to probe most of the remaining WIMP parameter space
before unavoidable astrophysical backgrounds become dominant

> ~2 order of magnitude more sensitive than current best limits
> 30 discovery potential at reach

= Other searches are possible too

> SD interactions, axion-like particles (ALPs), astrophysical neutrinos, 0OvSf’s, ...

= Physics data taking from 2020!!
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Detector parameters

Detector Parameter Value
Photon Detection Efficiency (PDE) -
PDE in liquid (g, ) [phd/ph] 0.119
PDE in gas (g3 gy.) [phd/ph 0.102
Single electron size [phd| 83
Effective charge gain (g.) [phd/e| i
PTFE-LXe reflectivity 0.977
LXe photon absorption length [m| 100
~ PMT efliciency at 175 nm 0.269
Other Key Parameters |
Single phe trigger efficiency 0.95
Single phe relative width (Gaussian) 0.38
51 coincidence level 3-fold
52 clectron extraction efficiency (.95
Drift field [V em '] 310

Electron lifetime [jis] 850




Estimated background rates

il ] - s il ] 1%
| s
TESAT st o HE | ALE BN O BREY O LH &4 b | A | RET | 00T
TN ks 4 | AR ol R OO ESE 0 TED | Tl | 43 | O0FT
iyt st A S il MW S a3 2| a3 LT | 0Ks
Chtey dletartaa {C1EF) FTUA ) WA A4S ATs a4l ofiE s | sEl | ey | 0o
Al e Wb | 0 0@ 66 0ed kg | o | oai | oo
sibitodnd 0
Harface Contamination
Thist [imkrimic scticliy, 300 ngiem’) e | s
Platonit {PTFE passcks, W1 aklyfom’ ) . i
FI¥108 anwebdliiy (0.0 plbygh L.Xn) aom | -
T mibsarcoquta s (340 kg /om’ ) ' i 1%
“"I'"I-lh.l-il‘"l‘l"ﬂ.!ﬂﬂ.l-hlhl‘fm — G | i3
Tem (B.80 pllp g =t &
i (0 el k) §1] C
="hir {015 gy ] Ma | -
=T Ar (05 e g e ) 23 | -
tﬂﬁ“{ﬂ i1l |
Lalimsiory nml Cismngenles i
I stsrmimny nwch wellls L | i
Wi efwos] maiknons ' (LYY
Comiingrnib artivalon L 2| -
subitonnd| B 008 T
T 4
M ey T -
3 P — | | 5% 5
Thilisr stipernars s ebs {LE%Y . G
Atsrepatie: ferifitinie [ As) = | B
subtotall 323 | 1,
Tial {with 5% EI il timimrhon. WP NH efficieioy ) nAT [ i !
ﬁéﬂ:ﬁﬁlﬂﬁﬂﬁimmmmw,mdmm W

Counts are for a region of
interest relevant to a 40
GeV/c? WIMP:

*1.5-6.5 keV for ERs
*6-30 keV for NRs

Application of the single
scatter, skin and OD veto, and
5.6 tonne fiducial volume cuts
are considered.



